INTRODUCTION
in families with two or more affected children (ASP: affected sib pair; 'familial') and in SAO families Attention d~fic~t hy~eractlvlty disorder (ADHD) IS a ('sporadic'). We used two different analytical stratene~ropsychla~rlc disorder that affects 5-10:0 of gies to examine the role of DATI in a sample of 124 children (Weiss and Hechtman, 1993; Wolralch et ADHD families heavily composed of ASP families.
a!., 1996). The. di~rder i.s .characterized by a~t~n-The first strategy tested for linkage between DATI tl~nal dysfunction,. ImpulsIvity, and/or hyp.era~tlvlty, and ADHD, assuming disequilibrium with the 480-bp ":Ith ~hree r~cogmzed sub~pes: hyper.actlve/lmp~l-allele; and the second tested for linkage between slve, inattentive, and combined (American Psych la-DATI and ADHD, assuming no disequilibrium with tric Association, 1994) . Twin, adoption, and family the 480-bp allele. studies suggest a substantial genetic component to the disorder (Smalley, 1997) .
Because stimulant medication effectively reduces METHODS ADHD symptoms in a large proportion of cases, the Sample role of the; dopamine transporter gene (S LC6A3 ,
The majority of the subjects were ascertained alias DATI) in the etiology of ADHD has been through two affected children via clinic referrals investigated. Three studies have reported either an and advertisements in Southern California (n = 91 association or linkage disequilibrium between the families). An additional 67 families were recruited j DATI 480-bp allele and ADHD (Cook et al., 1995;  from a previous UCLA family study, with ascertainGill et aI. , 1997; Waldman et al., 1998) . Although the ment through an affected child. The current study ! studies differed in diagnostic criteria and ethnic was approved by the UCLA Office for the Protection , make-up, all three ascertained ADHD children of Research Subjects. primarily through a single affected child (SAO: single Of the 124 families used in the analyses, 38 affected offspring).
(30.6%) had one, 82 (66.1%) had two, and four It is currently unknown whether the reported (3.2%) had three affected children. Among the 209 association of the 480-bp allele and ADHD will be ADHD children, mean age was 11 :f: 3.6 years, 157 replicated in all families, in subset(s) identified by (75%) were males, 167 (79.9%) were Caucasian, and subtype (Waldman et aI., 1998) electro;Jhoresed in a 2.5% Nu sieve gel in 1 x TBE Mean family socioeconomic status was 2.4 based on buffer for 2.5 h at 100 V. The gels were ethidium the ran kings (1-5) of Hollingshead (1957) .
bromide stained for 30min and destained in dH2O Lifetime diagnoses of ADHD using DSM-IIIR for 1 h. Alleles were determined by comparison of (APA, 1987) and DSM-IV (APA, 1994) were made bands to known molecular weight standards and using a semistructured interview, KSADS-E (Orscored independently by two raters. Genotypes were vaschel and Puig-Antich, 1987) modified for DSM-IV tested for Mendelian inheritance and incompatibilor the KSADS-PL (Kaufman et al., 1996) . All ities were re-evaluated by retyping the markers. The diagnoses were done using a best estimate procedure DATI allele frequencies in the total parental sample including all available information from clinical were: 0.4% 200-bp, 0.4% 350-bp, 0.4% 400-bp, 28.9% interviews and teacher and parent rating scales. 440-bp, 67.9% 480-bp, and 2% 550-bp. Interviews were conducted by clinical psychologists or trained clinical interviewers and inter-rater reliaStatistical analysis bility exceeded 0.95 for all ADHD diagnoses.
Linkage, assuming disequilibrium between the 480-Consensus diagnoses were determined by the clinical bp allele and ADHD, was tested using the transmisinterviewers, child psychiatrists (DC, JM), and/or sion/disequilibrium test (fiT) (Spielman et al., 1993; psychologists (JA) . A definite ADHD diagnosis was Knapp, 1999) . The difference between the number of made if all criteria were met as specified under DSM-480-bp and non-480 bp alleles transmitted from IIIR or DSM-IV. A probable diagnosis was made if a informative meioses was compared to that expected subject fell one criterion short (including age of under the null hypothesis of no difference, using a onset) but impairment criteria were met. A family normal approximation (Knapp, 1999) . The probabilhistory was obtained to rule out known genetic ity of correctly detecting linkage disequilibrium with syndromes in which ADHD is a feature. IQ scores our sample size (i.e. power) was computed with were determined for affected children using agedisease-locus-specific >.., = 1.1, disease-allele freappropriate standardized tests, WPPSI (Wechsler, quency = 0.68, and under four different modes of 1989), WISC-III (Wechsler, 1991), or WAIS-R action (multiplicative, additive, recessive, dominant) (Wechsler, 1992). Overall, intelligence was average using the first approximation method described in (mean full scale score = 104.6:t 14.7). Knapp (1999) . Linkage, assuming no disequilibrium with the 480-.bp allele, was tested using identify by descent (IBD) DAT1 VNTR analysIs .sharing methods among ASPs. The null hypothesis of DNA was ext~acted from whole. blood by.a Tnsno linkage, P (IBD) = 0.5, was tested by computing EDTA extraction method and Isolated usmg the th d.ffe ence between the observed mean IBD value . fl . h f ' elr Purege~e Kit 01 owmg t e manu acturer s recomand expected mean IBD value using the normal mendat!ons (?entra. I~c., USA). A VNTR polyapproximation in Risch and Merikangas (1996) . morphlc reglo~ wlthl~ DATI was. score~ by Power to detect linkage was also computed. Analyses Poly~erase cham reaction (PCR), with prImers were conducted with probable and definite diagnoses flanking the repeat sequences (Vande~berg.h et al., using DSM-IIIR criteria (including undifferentiated 1992; Cook. et al., 1995) .. PCR am~l~ficatlon was ADD) and DSM-IV criteria. A 0.05 one-tailed test of performed In 50 III reactions contammg 60 ng of significance was used for each test. genomic DNA, 200 JiM dNTPs, 0.8 JiM each primer, 10mM J"ris-HCI, 50mM KCI, 1.5mM Mg C12, 0.1% Triton X-100, 0.01% gelatin and two units of RESULTS AND DISCUSSION Amplitaq DNA polymerase (Perkin-Elmer, USA). We did not detect evidence for linkage disequilibrium The primers used were T3-5Long {TGT GGT GTA in our entire sample or in a variety of subgroupings GGG AAC GGC CTG AG} and T7-aLong {CTT (Table 1) despite considerable power to detect it CCT GGA GGT CAC GGC TCA AGG} (Operon, under most modes of action (recessive, codominant, Alameda, CA, USA). PCR components were mixed multiplicative). We can exclude linkage disequiliand placed in 96 well PCR plates (Costar, USA) and brium with greater than 80% power under these sealed with seal' A' film (MJ Research, USA). Using three modes of gene action: (i) in the whole sample; the MJ Research PTC-100 thermal cycler, DNA was (ii) in families in which the ADHD children did not denatured at 94°C for 6 min, followed by 30 cycles of have a mood disorder; (iii) among the Caucasian "t9 4°C (1 min), 68°C (30s), 7Te"'(Tffiin) and a final ADHD children; (iv) in the combined or inattentive -~.: I extension at 72°C forJ min. Final PCR products were subtypes (there were too few children in the . DATI AND ADHD .' l sample, in ASPs without a mood disorder, or in negligible effect. However, given that the size of our f Caucasian ASPs (Table 2) . Among all ASPs, Caucasample is the largest reported to date, the discrei sian ASPs, and ASPs without bipolar disorder, power pancy between our results and those of the earlier was greater than 70% to detect a locus-specific effect studies is perplexing. Several explanations are possi- 
